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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 

THEORETICAL PERFORMANCE OF MIXTURES OF LIQUID AMMONIA AND HYDRAZINE 
AS FUEL WITH LIQUID FLUORINE AS OXIDANT FOR ROCKET ENGINES 
By Sanford Gordon and Vearl N. Huff 


SUMMARY 

Theoretical values, of rocket performance parameters for two mix- 
tures of liquid ammonia and hydrazine as fuels with liquid fluorine as 
oxidant were calculated on the assumption of equilibrium composition 
during the expansion process for a wide range of fuel-oxidant and expan- 
sion ratios. The parameters included were specific impulse, combustion- 
chamber temperature, nozzle-exit temperature, equilibrium composition, 
mean molecular weight, characteristic velocity, coefficient of thrust, 
ratio of nozzle-exit area to throat area, specific heat at constant 
pressure, coefficient of viscosity, and coefficient of thermal conduc- 
tivity. Ejfponents were calculated that permit determination of specific 
impulse over a range of c hamb er pressures. 

The maximum value of specific impulse at sea level for a chamber 
pressure of 300 pounds per square inch absolute (20.41 atm) was 
313*6 pound -seconds per pound for the fuel mixture containing 36.3 per- 
cent ammonia by weight and 311-9 pound-seconds per pound for the fuel 
mixture containing 87 percent ammonia by weight. 


INTRODUCTION 


Both ammonia and hydrazine have been of interest for a number of 
years as possible rocket fuels because of their high theoretical specific 
impulse with several oxidants. Extensive data exist in the literature 
on their availability and cost, and on their physical, chemical and 
handling properties. 

Interest has also been shown in mixtures of ammonia and hydrazine, 
inasmuch as some of the properties of the mixtures are more desirable 
than those of the separate fuels (ref. l) . Ammonia, for example, 
depresses the relatively high freezing point of hydrazine, whereas 
hydrazine lowers slightly the vapor pressure of the ammonia. 


Fluorine Is of interest as a rocket oxidant because of its high 
performance with many fuels. Data on its properties are also available 
in the literature. 
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Calculations were made at the NACA Lewis laboratory to determine 
the theoretical performance of two mixtures of liquid ammonia and hydra- 
zine as fuels with liquid fluorine as oxidant as part of a series of 
calculations on propellants containing the chemical elements hydrogen, 
fluorine, and nitrogen (refs. 2 to 4) and in support of an experimental 
program. One of the fuel mixtures, containing 36.3 percent ammonia by 
weight, was suggested by the Bureau of Aeronautics, Department of the 
Navy, and is based on the data from reference 1. This mixture was 
selected as a compromise between a fuel having a desirable freezing 
point and one having high performance. The other fuel mixture, contain- 
ing 87 percent ammonia by weight, was chosen to correspond to the lowest 
freezing point of any m ixture of ammonia and hydrazine. 

Data were calculated on the basis of equilibrium composition during 
expansion for a wide range of fuel-oxidant and expansion ratios. The 
performnce parameters included are specific impulse, combustion-chamber 
temperature, nozzle-exit temperature, equilibrium composition, mean 
molecular weight, characteristic velocity, coefficient of thrust, ratio 
of nozzle-exit area to throat area, specific heat at constant pressure, 
coefficient of viscosity, and coefficient of thermal conductivity. 
Exponents were calculated that permit determination of specific impulse 
over a range of chamber pressures for hydrogen with fluorine and ammonia 
with fluorine as well as mixtures of ammonia and hydrazine with fluorine. 


So that data based on the assumptions of equilibrium and frozen 
composition during the expansion process could be compared, several 
additional calculations were made with the assumption of frozen 
composition. 


SYMBOLS 


The following symbols are used in this report: 

A number of equivalent formulas (function of pressure and molecular 
weight; see ref. 5) 

a local velocity of sound, ft/sec 

Cji coefficient of thrust, Ig/c* 

Cp molar specific heat at constant pressure, cal/(mole) (°K) 

Ct. specific heat at constant pressure, cal/(g)(°K) 


c v specific heat at constant volume, cal/(g)(°K) 
c* characteristic velocity, ft/sec, gP c S^/w 
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Id log pA 
\d log T / s 


acceleration due to gravity, 32.174 ft/sec^ 

sum of sensible enthalpy and chemical energy, cal/mole 

sum of sensible enthalpy and chemical energy per unit weight, 

C n i(H$)i 

—5m ' cal/g 


I specific impulse, lb-sec/lb 

k coefficient of thermal conductivity, cal/(sec) (cm) (°K) 

M molecular weight 

n number of moles; exponent 

P pressure 

p partial pressure 

R universal gas constant (consistent units) 

r equivalence ratio, ratio of number of fluorine atoms to hydrogen 
atoms 

S nozzie area, sq ft 

T temperature, °K 

w rate of flow, lb/sec 



v / a lQS n l\ 

\d log T /p 
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p. coefficient of viscosity, g/(cm)(sec) = poise 

p density, g/cc 

Subscripts : 

c combustion chamber 

e nozzle exit 

frozen composition assumed frozen 
i product of combustion 

max maximum 

P constant pressure 

s constant entropy 

t nozzle throat 

x any point in nozzle 


CALCULATION OF PERFORMANCE DATA 

Calculations of the performance data were made with a Bell computer 
and an IBM Card-Programmed Electronic Calculator as described in refer- 
ence 2. The assumptions, thermodynamic data, and transport properties 
used for the calculations are the same as those of reference 2. 

The products of combustion were assumed to be ideal gases and 
included the following substances: hydrogen fluoride HF, hydrogen E£ > 

nitrogen Ng., fluorine. atomic fluorine F, atomic hydrogen H, and 
atomic nitrogen N. The dissociation energy of Fg was taken to be 
35-6 kilocalories per mole (ref. 6). Physical and thermochemical prop- 
erties of the propellants were taken from references 5 to 8 and are 
given in table I. 

Composition of fuel mixtures. - Performance calculations were made 
for two fuel mixtures with liquid fluorine as the oxidant. One fuel 
was 36.3 percent ammonia and 63.7 percent hydrazine by weight, and the 
other was 87 percent ammonia and 13 percent hydrazine by weight. The 
heat of solution was neglected in estimating the heat of formation of 
each mixture. 
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Proc edure for combustion conditions . - The following parameters 
were computed for five equivalence ratios for a chamber pressure of 
300 pounds per square inch absolute: combustion temperature, equilibrium 

composition, enthalpy, mean molecular weight, derivative of the logarithm 
of pressure with respect to the logarithm of density at constant entropy 
y s , specific heat at constant pressure, coefficient of viscosity, coeffi- 
cient of thermal conductivity, and entropy of the combustion products. 


P rocedure for exit conditions . - Equilibrium composition, mean 
molecular weight, pressure, derivative of the logarithm of pressure with 
respect to the logarithm of density at constant entropy y s , enthalpy of 
the products of combustion, specific heat at constant pressure, coeffi- 
cient of viscosity, and coefficient of thermal conductivity were computed 
for each equivalence ratio by assuming isentropic expansion for three 
assigned exit temperatures selected to cover the exit pressure range 
from the nozzle -throat pressure to about 0.45 atmosphere. 

Interpolation. - Parameters for pressures at and near the nozzle 
throat and for pressures corresponding to altitudes of 0, 10,000, 20,000, 
and 30,000 feet were interpolated by means of cubic equations between 
each pair of the assigned exit temperatures. The functions and their 
first derivatives used in the interpolations are described in refer- 
ence 2. 


The errors due to interpolation were checked for several cases. 
The values presented for all performance parameters appear to be cor- 
rectly interpolated or in error at most by two or three units in the 
last place tabulated. 


Formulas. - The formulas used in computing the various parameters 
are given in reference 2 and are summarized as follows: 

Specific impulse, lb -sec/lb: 


I = 294.98 




h c - h e 
1000 


( 1 ) 


Throat area per unit flow rate, (sq ft) (sec) /lb, (pressure in atm) : 


1.3144T t 

s t/ w - p t v “ 


(2) 


Characteristic velocity, ft/sec: 


4 


c* = gP c S t /v = 32.174P c S t /v 


(3) 
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Coefficient of thrust: 

C F - Ig/c* = 32 . 174l/c * (4) 

Nozzle-exit area per unit flow rate, (sq ft) (sec) /lb, (pressure in atm): 

0- 040853T„ 


S e /v 


PeMe 1 


(5) 


Ratio of nozzle -exit area to throat area: 


S e/ S t 


S e /w 

s t/ w 


( 6 ) 


Specific heat at constant pressure, cal/(g)(°K): 


C P = + ^I n i^ H T^i Y i Y ^j ( 7 ) 

Derivative of the logaritlim of pressure with respect to the logarithm 
of density at constant entropy: 

£pi d i 

r s = ?(D a - 1) ( e > 

Coefficient of viscosity, poise: 

^ = \v ' PM P! ~ O) 

i 

Coefficient of thermal conductivity, cal/(sec) (cm) (°K) : 


k 



( 10 ) 


When composition is assumed to be frozen, the partial derivatives 
Yi and Ya in equation (7) are equal to zero, and the partial deriv- 


atives D^ and in equation (8) are equal to 

fore, equations (7) and (8) become 


c p, froz en 
~RjU^ 


There- 
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JU n i( C p)i 


-p, frozen 


nM 


( 11 ) 


Is, frozen ** c 


-p, frozen 


p, frozen 


"r 7m 


■& 


frozen 


( 12 ) 


The values of viscosity and thermal conductivity for mixtures of 
combustion gases calculated by means of equations (9) and (10) are only 
approximate. When more reliable transport properties for the various 
products of combustion become available, a more rigorous procedure for 
computing the properties of mixtures may also be justified. 
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THEORETICAL PERFORMANCE DATA 

For a combustion pressure of 300 pounds per square inch absolute, 
the calculated values of the performance parameters specific impulse, 
temperature, mean molecular weight, characteristic velocity, coefficient 
of thrust, and ratio of nozzle-exit area to throat area are given in 
table II at exit pressures corresponding to altitudes of 0, 10,000, 
20,000, and 30,000 feet. The values of pressure corresponding to the 
assigned altitudes were taken from reference 9. As an aid to engine 
design, the values of the parameters within the rocket nozzle for 80, 

90, 100, 110, and 120 percent of the throat pressure are presented in 
table III. Equilibrium composition, T s > specific heat at constant 
pressure, coefficient of viscosity, coefficient of thermal conductivity, 
and mean molecular weight in the combustion chamber at assigned exit 
temperatures are given in table IV. The mole fraction of Fg was 
always less than 0.00002 and therefore was not tabulated. 

Parameters. - Curves of specific impulse for four altitudes are 
shown in figure 1 plotted against weight percent fuel- The max i mum 
value of specific impulse for the sea-level curve is 313-6 pound- 
seconds per pound at 28.4 percent fuel by weight for the fuel mixture 
containing 36-3 percent ammonia by weight and 311-9 pound-seconds per 
pound* at 24.9 percent <Tuel by -weight £or -the fuel- mixture containing • 

87 percent ammonia. 

The maximum values of specific impulse and the weight percentages 
at which they occur were obtained by numerical differentiation of the 
calculated values and are shown in figure 2 as functions of altitude. 

The maximum specific impulse increases 14 percent for a c han ge in alti- 
tude from sea level to 30,000 feet for both fuel mixtures. 
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Curves of combustion-chamber temperature and nozzle-exit tempera- 
ture for various altitudes are presented in figure 3 as functions of 
weight percent fuel. The maximum combustion temperatures calculated are 
4354° and 4306° K for the 36-3 and 97 percent ammonia fuel mixtures, 
respectively (table II) • The maximums of the exit -temperature curves 
occur near the stoichiometric ratio. 

Characteristic velocity and coefficient of thrust are plotted in 
figure 4, and the ratio of the area at the nozzle exit to the area at 
the throat is plotted in figure 5, against weight percent fuel. 

Curves of mean molecular weight in the combustion chamber and noz- 
zle exit are plotted against weight percent fuel in figure 6. 

Curves of specific heat at constant pressure, coefficient of vis- 
cosity, and coefficient of thermal conductivity for six pressures are 
plotted in figures 7, 8, and 9, respectively, as functions of weight 
percent fuel. 

Chamber-pressure effect. - According to data of reference 4, the 
values of the parameters I, c*, and S e /S t for hydrazine and fluorine 

are very nearly linear with the logarithm of chamber pressure for a fixed 
equivalence ratio and expansion ratio. This linearity permitted the data 
to be correlated according to the following equations: 


1 " x 300 ( 300 ) 

(13) 

•*-**>& f 

(14) 

/ P \ n 


s e/ s t 3 ( S e/ S t)300 \ 30 o) 

(15) 


where I 300 , c* 00 , and (S e /S t ) 300 are the values of these parameters 
at 300 pounds per square inch absolute; I, c*, and S e /S-^ are the values 

of these parameters at any chamber pressure P c ; P c is in pounds per 
square inch absolute; . and _ the exponent n is a function of fuel-oxidant ^ 
and expansion ratios for* each parameter.* The following equation for 
obtaining the value of n for specific impulse was derived in refer- 
ence 4: 

n- 66.4554 ^§(i--^ ( 16 ) 
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In the case of hydrazine and fluorine, it was found that equa- 
tion (13) could be used with the exponent of equation (16) over a 
chamber -pres sure range of 4 to 1 with a maximum error of a few tenths of 
an impulse unit over a wide range of equivalence ratios. This chamber- 
pressure correlation was also checked for one equivalence ratio for 
several other propellants and found to apply over a similar pressure 
range so about the same accuracy. The values of n were therefore com- 
puted by means of equation (16) for the other propellants in this series 
of reports; namely, hydrogen with fluorine, ammonia with fluorine, and 
mixtures of ammonia and hydrazine with fluorine. These values of n 
were used together with the specific -impulse data for 300 pounds per 
square inch absolute to construct figure 10, which, with the aid of 
equation (13), permits determination of specific impulse for a range of 
chamber pressures. 

To illustrate the use of these curves, suppose it is desired to 
obtain the value of specific impulse for a chamber pressure of 
1000 pounds per square inch and an expansion ratio of 136-1 for hydrogen 
and fluorine at the stoichiometric mixture ratio. From figure 10(d), 
the value of I 300 read as 413 (or more precisely, 412.8 by inter- 
polating table III of ref- 2), and the value of n is read as 0.0114. 
From equation ( 13) , 

X - 4X3.B (igop 14 

« 412-8 (1.0138) 

=* 418.5 

which compares with the value of 418.47 obtained by direct computation. 

Equations similar to equation (16) may be derived for the exponents 
n for c* and S e /s^; however, these equations could not be evaluated 

numerically, inasmuch as they involve partial derivatives that have not 
been calculated. The value of the exponents for c* and S e /S-t may, 

however, be computed from the values of these parameters at two chamber 
pressures, as was done in reference 4. The exponents computed for 
hydrazine and fluorine at the stoichiometric equivalence ratio (ref. 4) 
are about the same as those for hydrogen and fluorine at the same equiv- 
alence ratio computed from data of reference 2. Inasmuch as the values 
of these exponents are not critical, it is probably possible to apply 
the values of n for hydrazine and fluorine to the other propellants 
in this series of reports with small error. Greater accuracy can be 
obtained by additional performance computations at another chamber 
pressure. 
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Corrections for nonadiabatie or nonlsentropic processes . - Equations 
are given in reference 4 that permit the calculation of specific impulse 
for nonisentropic expansion or for change in heat content of the pro- 
pellant gases from the originally calculated data. 


Frozen composition . - In order to compare data based on the assump- 
tions of equilibrium and frozen composition during the expansion process, 
several additional calculations were made with frozen composition 
assumed. These values are presented in table V together with correspond- 
ing equilibrium data for the stoichiometric equivalence ratio and for two 
expansion ratios. The percentage differences in these parameters for 
frozen and equilibrium composition are considerably higher for expansion 
to an altitude of 30,000 feet than for expansion to sea level. 

For a combustion pressure of 300 pounds per square inch absolute 
and an exit pressure of 1 atmosphere, the values of max imum specific 
impulse and the percentages of fuel by weight at which they occur are 
given in the following table for frozen and equilibrium composition: 


Weight 
percent 
ammonia 
in fuel 

Composition during expansion ] 

Equilibrium 

Frozen 

^max 

Weight 

percent 

fuel 

T 

X max 

Weight 

percent 

fuel 

36.3 

87 

313.6 

311.9 

28.4 

24.9 

292.2 

290.8 

31.8 

27.5 


Effect of percentage of ammonia in fuel . - A comparison of the data 
in this report with that of references 3 and 4 shows a nearly linear 
variation in I, e*, and S e /St with the percentage of ammonia in an 
ammonia -hydrazine fuel mixture at constant equivalence and expansion 
ratios. An example of this variation is given in figure 11, which is a 
plot of I, c *, and S e /St for the stoichiometric equivalence ratio as 
a function of weight percentage of ammonia in the fuel. 

Similar curves may be plotted for any equivalence ratio and expan- 
sion ratio covered by the data in this report and in references 3 and 4 
and may be used to obtain the performance of any mixture of ammonia and 
hydrazine with fluorine- However, because these curves are very nearly 
linear, only small errors in performance result from linear interpolation 
of the tabulated data. 

Figure 7 of reference 10 shows the same nearly linear variation in 
I, c*, and S e /S t with the percentage of ammonia in the fuel when oxygen 

bifluoride is the oxidant. The stoichiometric curves df this figure 
are also given in figure II of this report for comparison. 
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hydrazine is only about 4 specific impulse units with fluorine as oxi- 
dant, but is about 13 units with oxygen, hydrazine is more likely to be 
used with oxygen than with fluorine- However, ammonia is considerably 
cheaper and more available than hydrazine, and, except in special appli- 
cations, ammonia appears to be the more practical rocket fuel- Mixtures 
of ammonia and hydrazine when used are likely to be selected for better 
physical properties and greater availability than hydrazine and slightly 
better performance and possibly higher combustion efficiency than 
ammonia. 


Lewis Flight Propulsion Laboratory 

National A.dvisory Committee for Aeronautics 
Cleveland, Ohio, April 17, 1953 
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TABLE II . - CALCULATED PERFORMANCE OF MIXTURE OF LIQUID AMMONIA AND HYDRAZINE WITH LIQUID FLUORINE 
(a) Fuel, 36.3 percent ammonia and 63.7 percent hydrazine by veight. 
[Combustion-chamber pressure, 300 lb/sq. in. abs] 


• • • 


• • • 


• • 


14 



InACA EM E53F08 

• • • 




CO 

CD 

o 


TABLE II. - CALCULATED PERFORMANCE OF MIXTURE OF LIQUID AMMONIA AND HYDRAZINE WITH LIQUID FLUORINE - Concluded 

(b) Fuel, 87 percent ammonia and 13 percent hydrazine by weight. 
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^aeed on following densities: Fj., 1.54 at -196° C; NHj, 0.68 at -33.4° C; N 2 H 4 , 1.011 at 15° C. 

b Nozzle de aligned for exit pressure equal to ambient pressure corresponding to altitude indicated. 
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TABLE IV. - PROPERTIES AND COMPOSITION IN COMBUSTION CHAMBER AND FOLLOWINO AN ISENTROPIC EXPANSION TO ASSIGNED EXIT TEMPERATURES 
(a) Fuel, 36.3 percent ammonia, 63.7 percent hydrazine by weight; oxidant, fluorine. 
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TABLE V. - COMPARISON OF CALCULATED PERFORMANCES OF MIXTURES OF LIQUID 

AMMONIA AND HYDRAZINE WITH LIQUID FLUORINE WITH EQUILIBRIUM 

AND FROZEN COMPOSITION ASSUMED DURING EXPANSION 

[^Combustion-chamber pressure, 300 lb/sq in. abs; 
stoichiometric equivalence ratio] 


Altitude 


Parameters 


Sea level 


Equilibrium Frozen 


36.3 percent NH3, 63.7 percent N 2 H 4 by weight 


30,000 ft 


Frozen 




Specific impulse, 

I, lb-sec/lb 312.9 

Characteristic velocity, 

c*, ft/sec 7057 

Coefficient of thrust, Cp 1.427 

Nozzle -exit area to throat 

area, S e /S t 3-930 

Nozzle-exit temperature, 

T e , °K 3188 

Nozzle -exit molecular 

weight. Mg 20.86 


289.2 

6722 

1.384 

3.118 


356.8 

7057 

1.627 

9.632 


19.15 21.27 


320.6 

6722 

1-534 

6-835 

1475 

19.15 


87 percent NH3, 13 percent N 2 H 4 by weight 


Specific impulse, 

I, lb-sec/lb 

Characteristic velocity, 
c * ft/sec 

Coefficient of thrust, Cp 

Nozzle-exit area to throat 
area, S e /S t 

Nozzle -exit temperature, 
T e , °K 

Nozzle -exit molecular 
weight. Mg 


311.3 

288.2 

354.7 

319.5 

7026 

1.426 

6697 

1.384 

7026 

1.624 

6697 

1.535 

3.912 

3.125 

9.505 

6.855 

3127 ■ 

2029 

2613 

1465 


20.74 


19.11 


21.10 


19.11 
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.gure 1. - Theoretical specific impulse of mixture of liquid ammonia and hydrazine as 
fuel with liquid fluorine as oxidant. Isentropic expansion assuming equilibrium 
composition; combust ion- chamber pressure, 300 pounds per square inch absolute; exit 
pressure corresponding to altitude indicated. 
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(a) Fuel, 36.3 percent acnnonia and 
63.7 percent hydrazine by weight. 
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Figure 2. - Maximum theoretical specif-c inputs 

and corresponding veight percent fuel in propellant 
of mixture of liquid ammonia and hydrazine aa fuel 
vith liquid fluorine as oxidant. Isentropic expan- 
sion assuming equilibrium composition) combustion- 
chamber press-ore, 5<X> pounds per square inch 
absolute; exit pressure corresponding to altitude 
indicated. 
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Fuel in propellant, percent by weight 

(a) Fuel, 36.3 percent ammonia and 63.7 percent hydrazine by weight. 

Figure 3. - Theoretical combustion-chamber temperature and nozzle-exit temperature of 
mixture of liquid anmonia and hydrazine as fuel with liquid fluorine as oxidant. 
Isentropic expansion assuming equilibrium composition; combustion-chamber pressure, 
300 pounds per square inch absolute; exit pressure corresponding to altitude indi- 
cated. 
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Stoichiometric 


HSB 


Fuel in propellant, percent by weight 
(b) Fuel, 87 percent ammonia and 13 percent hydrazine by weight. 

Figure 3. - Concluded. Theoretical combust ion- chamber temperature and 
nozzle-exit temperature of mixture of liquid ammonia and hydrazine as 
fuel with liquid fluorine as oxidant. Isentropic expansion assuming 
equilibrium composition; combust ion- chamber pressure, 300 pounds per 
square inch absolute; exit pressure corresponding to altitude Indicated. 
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Fuel in propellant , percent by weight 
(aj Fuel, 36.3 percent ammonia and 63.7 percent hydrazine by weight. 

Figure 4. - Theoretical characteristic velocity and coefficient of thrust of mixture 
of liquid ammonia and hydrazine as fuel with liquid fluorine as oxidant. Isentrcpic 
expansion assuming equilibrium composition; combust ion- chamber pressure, 300 pounds 
per square inch absolute; exit pressure corresponding to altitude indicated. 
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(a) Fuel, 36.3 percent ammonia and 63.7 percent hydrazine by weight. 

Figure 5. - Theoretical ratio of nozzle-exit area to throat area for 

mixture of liquid ammonia and hydrazine as fuel with liquid fluorine as 
oxidant. Isentropic expansion assuming equilibrium composition; 
combustion-chamber pressure, 300 pounds per square inch absolute; exit 
pressure corresponding to altitude indicated. 
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(b) Fuel, 87 percent ammonia and 13 percent hydrazine by 
weight. 


Figure 5. - Concluded. Theoretical ratio of nozzle-exit area 
to throat area for mixture of liquid ammonia and hydrazine 
as fuel with liquid fluorine as oxidant. Isentropic expan- 
sion assuming equilibrium composition; combustion-chamber 
pressure, 300 pounds per square inch absolute; exit 
pressure corresponding to altitude indicated. 
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(a) Fuel, 36.3 percent ammonia and 63.7 percent hydrazine by weight. 

Figure 6. - Theoretical mean molecular weight in combustion chamber and at nozzle exit 
for mixture of liquid ammonia and hydrazine as fuel with liquid fluorine as oxidant. 
Isentropic expansion assuming equilibrium composition; combustion-chamber pressure, 
300 pounds per square inch absolute; exit pressure corresponding to altitude indi- 
cated.. 
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Fuel in propellant, percent by weight 
(b) Fuel, 87 percent ammonia and 13 percent hydrazine by weight. 

Figure 6. - Concluded. Theoretical mean molecular weight in combustion 
chamber and at nozzle exit for mixture of liquid ammonia and hydrazine 
as fuel with liquid fluorine as oxidant. Isentropic expansion assuming 
equilibrium composition; combust ion- chamber pressure, 300 pounds per 
square inch absolute; exit pressure corresponding to altitude indi- 
cated. 
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(a) Fuel, 36.3 percent ammonia and 63.7 percent hydrazine by 
weight. 

Figure 7. - Theoretical specific heat at constant pressure of corr.bus 
tion products (including energy of dissociation) of mixture of 
liquid ammonia and hydrazine as fuel with liquid fluorine as 
oxidant. Isentropic expansion to pressures indicated assuming 
equilibrium composition; combust ion- chamber pressure, 300 pounds 
per square inch absolute. 
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Fuel in propellant, percent by weight 

(b) Fuel, 87 percent ammonia and 13 percent hydrazine by 
weight . 


pressure of combustion products (including energy of disso- 
ciation) of mixture of liquid ammonia and hydrazine as fuel 
with liquid fluorine as oxidant. Isentropic expansion to 
pressures indicated assuming equilibrium composition; 
combust ion- chamber pressure, 300 pounds per square inch 
absolute. 





NACA RM E53F08 




35 


o 

03 

eg 


M 

0 
<a 
& 

in 

1 

CQ 

O 


1% 



(a) Fuel, 36.3 percent ammonia and 63.7 percent hydrazine "by weight. 

Figure 8. - Theoretical coefficient of viscosity of combustion products of mixture 
of liquid ammonia and hydrazine as fuel with liquid fluorine as oxidant. Isen- 
tropic expansion to pressures indicated assuming equilibrium composition; 
combustion-chamber pressure, 300 pounds per square inch absolute. 
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(t>) Fuel, 87 percent ammonia and 13 percent hydrazine "by weight. 

Figure 8. - Concluded. Theoretical coefficient of viscosity of combustion 
products of mixture of liquid ammonia and hydrazine as fuel with liquid 
fluorine as oxidant. Isentropic expansion to pressures indicated assum- 
ing equilibrium composition} combustion-chamber pressure, 300 pounds per 
square inch absolute. 
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36.3 percent ammonia and 63.7 percent hydrazine by weight 


Figure 9. - Theoretical coefficient of thermal conductivity of com- 
bustion products of mixture of liquid ammonia and hydrazine as 
fuel with liquid fluorine as oxidant. Isentropic expansion to 
pressures indicated assuming equilibrium composition; combustion- 
chamber pressure, 300 pounds per square inch absolute. 
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(b) Fuel, 87 percent ammonia and 13 percent hydrazine 
by weight. 

Figure 9. - Concluded. Theoretical coefficient of thermal 
conductivity of combustion products of mixture of liquid 
ammonia and hydrazine as fuel with liquid fluorine as 
oxidant. Isentropic expansion to pressures indicated 
assuming equilibrium composition) combustion-chamber 
pressure, 300 pounds per square inch absolute. 
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(a) Fuel, 36.3 percent ammonia and 63.7 percent hydrazine by weight; 
oxidant, liquid fluorine. 

Figure 10. - Theoretical specific impulse for chamber pressure of 300 
pounds per square inch absolute and exponent n for equation 
I = Ijqq (P c /300) n . Isentrcplc expansion to expansion ratio indi- 
cated assuming equilibrium composition. 
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Fuel in propellant, percent by weight 

(c) Fuel, liquid ammonia; oxidant, liquid fluorine. 


Figure 10. - Continued. Theoretical specific impulse for chamber pressure of 
300 pounds per square inch absolute and exponent n for equation I = I 300 
(P c /oGG) n . Isentrcpic expansion to expansion ratio indicated assuming equi- 
librium composition. 
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(d) Fuel, liquid hydrogen; oxidant, liquid fluorine. 

Figure 10. - Concluded. Theoretical specific impulse for chamber pressure of 300 pounds 
per Bquare inch absolute and exponent n for equation I = I300 Isen- 

tropic expansion to expansion ratio indicated assuming equilibrium composition. 
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Figure 11. - Example of nearly linear variation of theoretical specific 
impulse, characteristic velocity, and ratio of nozzle-exit area to 
throat area for mixtures of liquid ammonia and hydrazine as fuel with 
liquid fluorine or liquid oxygen bifluoride as oxidant. Stoichiometric 


equivalence ratio; isentrcpic expansion assuming equilibrium composi- 
tion; combustion-chamber pressure, 300 podlUte^i^^quare inch absolute; 
exit pressure, 1 atmosphere. (OFg curves 7.of ref. 10.) 
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